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Sound absorption can be achieved in a relatively simple manner with passive or active electroacoustic absorbers.
Electroacoustic absorbers are basically loudspeakers, the membrane of which is used as an absorber/reﬂector of
sound, and the electric terminals of which are connected to a dedicated electric load. This electric shunt can be a
simple electric resistor, or an active device employing feedback control on acoustic and/or electric quantities (aka.
direct impedance control). Whilst the latter allows signiﬁcant broadening of acoustic absorption performances
that could not be obtained with simple passive resistors, it is also possible to ﬁnd passive shunt alternatives that
allows interesting acoustic performances without the use of expensive and energy consuming electric disposals.
A simple conﬁguration of shunt electric resonator is proposed as an alternative to active shunt for broadening the
performances of passive electroacoustic absorbers.
1 Introduction
Turning an electrodynamic loudspeaker into a sound ab-
sorber can be obtained in very straightforward manners, the
mechanical equipment of the loudspeaker acting naturally as
a 1 degree of freedom mechanical resonator, thus capable of
absorbing some sound energy at the resonance. These perfor-
mances can already be slightly tuned with passive treatments,
either by providing additional acoustical or electrical damp-
ing, or by adding mass to the moving parts or increasing the
stiﬀness with an enclosure, in order to shift the peak reso-
nance apart from the natural frequency. In [1], the eﬀect of
increasing the moving mass, that of varying the compliance
by tailoring the volume of the cabinet for instance, or sim-
ply adding damping by ﬁlling the enclosure with absorbing
materials are detailed through designed experiments. Then,
the only way to improve performances without aﬀecting the
design of the transducer or enclosure is then to apply active
control strategy that could alter the dynamics of the system
[2]. Here, an alternative solution is proposed for preventing
feeding back the loudspeaker with positive electrical energy.
The technique of impedance matching using passive ana-
log electrical networks was ﬁrst introduced on piezoelectric
materials. In [3], a resistor is connected to a piezoelectric ma-
terial so as to create artiﬁcial damping to a structure to which
it is attached. Such electrical shunt networks are very easy
to implement, cheap and do not require any power for opera-
tion. However, it was shown that damping performance with
a purely resistive shunt connected to piezoelectric materials
is very poor, and in some applications even not measurable.
More eﬃcient are the resonant shunt circuits which are ob-
tained by combining resistive and reactive components so as
to achieve single- or multi-mode damping. As discussed in
[3], shunting piezoelectric materials with a resistor and in-
ductor introduces an electrical resonance which can be opti-
mally tuned to structural resonances. Once bonded to a struc-
ture, the shunted piezoelectric material works as a mechani-
cal vibration absorber.
The technique has been transferred to electrodynamic loud-
speakers afterward. By analogy with piezoelectric shunt damp-
ing, a basic analog network connected across the terminals
of a loudspeaker can be used to damp resonant sound ﬁelds
[2, 4]. The objective here is to globally reduce the sound
ﬁeld without the need of collocated pressure or velocity sen-
sors, as for feedback controlled loudspeakers. The key issue
is to properly design an electrical matching circuit which,
when connected across the transducer terminals, improves
the dissipation of acoustic energy at the diaphragm. In prac-
tice, electrical coupling can be achieved with the help of ba-
sic analog networks made up of a combination of positive or
negative, reactive or resistive components, in series or in par-
allel. The resulting shunt electrical impedance is commonly
designed to dissipate the electrical energy which has been
converted from mechanical energy by the transducer.
In the following, we will study several electrical network
topologies that allow the tuning of an electroacoustic res-
onator without the need of any external acoustic sensor. The
idea is to examine how the parameters of the resonator (damp-
ing, mass and stiﬀness) may be aﬀected by electrical means.
The interaction between an electrodynamic loudspeaker and
various arrangements of electrical components, resistive and
reactive, is ﬁrst modeled. Advantages provided by combin-
ing some electrical matching networks with a loudspeaker
are then quantiﬁed. As a conclusion, general remarks regard-
ing limitations and potential applications in actual situations
are discussed.
2 Principle of matching electrical net-
work
The key problem of the matching network technique is to
ﬁnd a very simple analog circuit that eﬃciently allows sound
energy dissipation at the loudspeaker diaphragm. The basic
idea is to produce a kind of regulation of electrical quanti-
ties in the coil circuit. In order to make a current ﬂow, the
circuit must be closed in some way. With no electrical load
(transducer terminals in open circuit), there is a voltage drop
across the output and the loudspeaker behaves as a damped
harmonic oscillator with no possibility of adjustment. The
general idea is to derive the desired relationship between cur-
rent and voltage using a two-terminals network, and to com-
bine it with the characteristic equations of the loudspeaker.
2.1 Formulation of the problem
Let’s consider the closed-box electrodynamic loudspeaker
of ﬁg. 1
Figure 1: The shunt loudspeaker.
Expressed in the frequency domain, the equations cou-
pling the electrical and mechanical parts of the loudspeaker
are given as [2]:
S P( jω) =
(
jωMms + Rms + 1jωCms +
ρc2S 2
jωVb
)
V( jω) − Bl I( jω)
E( jω) = ( jωLe + Re) I( jω) + Bl V( jω)
(1)
where ω = 2π f , f being the frequency of the harmonic
disturbance in Hz, and
V is the normal velocity of the diaphragm, in m s−1
I is the electrical current, in A
P is the total exogenous sound pressure acting at the front
of the diaphragm, in Pa
E is the electric voltage applied to the electrical terminals,
in V
Mms is the total moving mass of the diaphragm, in kg
Cms is the mechanical compliance of the suspension, in Nm−1
Rms is the mechanical resistance, in N sm−1
Re is the electrical resistance of the coil, in Ω
Le is the electrical inductance of the coil in H
Bl is the force factor, in NA−1
S is the diaphragm area, in m2
Vb is the enclosure volume, in m3
ρ is the air density, in kgm−1
c is the sound celerity in the air, in m s−1
In the following, we will denoteCmc the total equivalent com-
pliance of the enclosed loudspeaker, such as 1Cmc =
1
Cms
+
ρc2S 2
Vb
.
Behaving as a motor, the loudspeaker is fed by an elec-
trical voltage E, and the electrical current I ﬂowing in the
voice-coil is responsible of a mechanical Laplace force F =
BlI which actuates the acoustic medium with a pressure P.
In reaction, the medium exerts a pressure force S P on the
diaphragm, leading the diaphragm to vibrate with the ve-
locity V , depending on its mechanical impedance Zmc(ω) =
Rms + jωMms + 1jωCmc . The voice-coil moving with veloc-
ity V in the air gap induces a voltage drop (electromotive
force) −BlV between the electric terminals, thus modulating
the electrical current I circulating in the coil, depending on
the electric load. From a control perspective, the problem
is then to implement a functional relationship between the
electrical variables at the loudspeaker’s terminals, that is to
say between E and I, in order to assign a certain vibrating
velocity depending on the external sound pressure. To that
purpose, diﬀerent types of electrical networks can be used to
implement the functional relationship that will shape the cur-
rent after the electromotive force generated by the pressure
force.
2.2 Shunted loudspeakers
When the loudspeaker is loaded with an electric network
of equivalent impedance ZL, the second equation of Eq. 1
can be written as:
E(ω) = −ZL(ω)I(ω) = ( jωLe + Re)I(ω) + BlV(ω) (2)
Then, the normalized acoustic admittance presented by
the loudspeaker diaphragm can be derived in a straightfor-
ward manner as:
Y(ω) = ρcV(ω)P(ω)
= ρcS
jω
( jω)2Mms + jωRms +
1
Cmc
+
jω(Bl)2
jωLe + Re + ZL(ω)
(3)
Obviously, this result can also be derived in order to pro-
cess the resulting sound absorption coeﬃcient α deﬁned as:
α(ω) = 1 −
∣∣∣∣∣1 − Y(ω)1 + Y(ω)
∣∣∣∣∣
2
(4)
It can be observed that the electric load ZL can provide
additional damping to the acoustical resonator constituted
by the loudspeaker diaphragm, which results in more or less
sound absorption. Moreover, if the load ZL has reactive com-
ponents, the electric load can also modify the total dynamic
mass and compliance. In other words, the electric load is
seen by the acoustic disturbance as additional mechanical
impedance (combination of resistances, masses and compli-
ances), thus paving the way to a totally sensorless manner
to aﬀect the dynamics of the diaphragm. The following will
derive this result for diﬀerent particular cases.
3 Eﬀects of shunt electric networks on
the acoustic properties of electroa-
coustic absorbers
In the following simulations (and in the following exper-
imental measurement), we will consider diﬀerent examples
of shunt electric networks on a Visaton AL170 low-midrange
loudspeaker (Thiele-Small parameters given in Table 1), with
an enclosure of Vb = 10l. At 20◦C in the air, ρ =1.18
kg.m−3 and c=343 m.s−1. The diﬀerent shunt conﬁgurations
are listed in Table 2.
Table 1: Thiele-Small parameters of the Visaton AL 170
low-midrange loudspeaker.
Parameter Notation Value Unit
dc resistance Re 5.6 Ω
Voice coil inductance Le 0.9 mH
Force factor Bl 6.9 NA−1
Moving mass Mms 13 g
Mechanical resistance Rms 0.8 Nm−1 s
Mechanical compliance Cms 1.2 mmN−1
Eﬀective area S 133 cm2
Natural frequency f0 38 Hz
Table 2: Parameter settings for the simulations and
experiments with electrical matching networks.
Topology Case Rs Ls Cs
Open circuit A ∞ - -
R shunt F 4.7Ω - -
Parallel RC G 34.8Ω - 550 μF
Parallel RL H 55.0Ω 6.5mH -
Series RLC
I 1.5Ω 15mH 177 μF
J 1.5Ω 8.3 mH 406 μF
K 1.0Ω 5.5 mH 550 μF
3.1 Shunt resistor
The simplest manner to turn the electroacoustic loudspeaker
into a sound absorber is to plug a passive electrical resis-
tance Rs at its terminals [4, 2], thus leading to the normalized
acoustic impedance
Y(ω) = ρcS
jω
( jω)2Mms + jω
(
Rms +
(Bl)2
Re+Rs
)
+ 1jωCmc
(5)
It is then obvious that the electric resistance loading the
loudspeaker terminals, aﬀects the loudspeaker diaphragm dy-
namics as it is seen as an additional mechanical resistance
(Bl)2
Re+Rs
damping even more the velocity of the diaphragm when
a exogenous pressure force is exerted on its front face. If
Rms < ρcS and Re <
(Bl)2
ρcS there even exists an optimal elec-
tric load Ropt, for which the total resistance of the diaphragm
equals the value ρcS (characteristic impedance of the medium
converted as a mechanical impedance for the diaphragm of
surface S ):
Ropt =
(Bl)2
ρcS − Rms − Re (6)
If the loudspeaker is loaded with such shunt resistor value,
the diaphragm will be seen as an acoustic impedance surface
matching the speciﬁc impedance of the air, thus leading to
total absorption at the resonance of the loudspeaker deﬁned
by fs = 12π
1√
MmsCmc
:
α( fs) = 1 (7)
3.2 Shunt RLC resonators design
The considered electric network topology will only be
limited to parallel RC, parallel RL, and series RLC resonators,
as illustrated in Fig. 2. In electrical engineering, a network
is a collection of components interconnected in series or in
parallel. In a series circuit, components are connected along
a single electric ﬂow path, so the same current ﬂows through
each one [5]. In a parallel circuit, each dipole is connected to
the same electrical terminals.
3.2.1 Parallel RC network
The shunt electrical impedance of the parallel RC net-
work of ﬁg. 2(a) that is connected to the transducer terminals
Figure 2: Topology of the diﬀerent matching network: (a)
Parallel RC, (b) Parallel RL, (c) Series RLC. It is assumed
that all reactive components are ideal (lossless) and all
linear.
can be written as
ZL(ω) =
Rs
1 + jωRsCs
(8)
Then the normalized acoustic impedance at the diaphragm
can be written as:
V(ω)
P(ω)
=
a3( jω)3 + a2( jω)2 + a1 jω
b4( jω)4 + b3( jω)3 + b2( jω)2 + b1 jω + b0
(9)
where
a3 = S LeRsCs
a2 = S (Le + ReRsCs)
a1 = S (Re + Rs)
b4 = MmsLeRsCs
b3 = MmsLe + (MmsRe + RmsLe)RsCs
b2 = MmsRe + RmsLe + (RmsRe +
Le
Cmc
+ (Bl)2)RsCs
b1 = RmsRe +
Le
Cmc
+ (Bl)2 +
Re
Cmc
RsCs
b0 =
Re
Cmc
(10)
3.2.2 Parallel RL network
The shunt electrical impedance of the parallel RL net-
work that is connected to the transducer terminals can be
written as
ZL(ω) =
jωRsLs
Rs + s Ls
(11)
Combining Eq. (11) with the characteristic equations of
the loudspeaker yields the following expression for the spe-
ciﬁc acoustic admittance
V( jω)
P( jω)
=
a3( jω)3 + a2( jω)2 + a1 jω
b4( jω)4 + b3( jω)3 + b2( jω)2 + b1 jω + b0
(12)
where
a3 = S LeLs
a2 = S (LeRs + LsRe + LsRs)
a1 = SReRs
b4 = Mms
a3
S
b3 = Mms
a2
S
+ Rms
a3
S
b2 = Mms
a1
S
+ Rms
a2
S
+
1
Cmc
a3
S
+ (Bl)2Ls
b1 = Rms
a1
S
+
1
Cmc
a2
S
+ (Bl)2Rs
b0 =
1
Cmc
a1
S
(13)
3.2.3 Discussions
Eqs. (9) and (12) indicate that the loudspeaker, when
combined to a parallel RC or RL shunt network, is not any-
more a 1 degree of freedom resonator and behaves more as a
fourth-order system. The coeﬃcients of Eqs. (10) and (13)
show that the connection of a parallel RC or RL network
across the transducer terminals aﬀects the mass, compliance
and damping of the electroacoustic resonator. More speciﬁ-
cally, it can be seen on Fig. 3 that the shunt capacitance Cs
is seen as an additional mass Mme = (Bl)2Cs, whereas the
shunt inductance Le + Ls is seen as an additional stiﬀness
1
Cme
=
(Bl)2
Le+Ls
.
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Figure 3: Normalized admittance simulated on parallel
RL/RC conﬁgurations (up: magnitude in dB; bottom: phase
in rad).
3.2.4 Series RLC network
An alternative design can be achieved by using a resonant
series circuit. The corresponding schematics is shown in Fig.
2(c). Compared to a parallel arrangement of resistive and
reactive dipoles, a series RLC network splits the voltages in
a frequency-dependent way.
The shunt electrical impedance of the series RLC net-
work that is connected to the transducer terminals can be
written as
ZL(ω) = Rs + jω Ls +
1
jωCs
(14)
Combining Eq. (14) with the characteristic equations (1)
of the loudspeaker yields the closed-form expression for the
speciﬁc acoustic admittance
V(ω)
P(ω)
=
a3( jω)3 + a2( jω)2 + a1( jω)
b4( jω)4 + b3( jω)3 + b2( jω)2 + b1( jω) + b0
(15)
where
a3 = S (Le + Ls)
a2 = S (Re + Rs)
a1 =
S
Cs
b4 = Mms
a3
S
b3 = Mms
a2
S
+ Rms
a3
S
b2 = Mms
a1
S
+ Rms
a2
S
+
a3
SCms
+ (Bl)2
b1 = Rms
a1
S
+
a2
SCms
b0 =
1
Cmc
a1
S
(16)
When combined to a series RLC network, the loudspeaker
becomes a fourth-order system. As for the previous cases, it
is not obvious to see the eﬀect of the RLC series network on
the dynamic behavior of the loudspeaker.
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Figure 4: Normalized admittance simulated on series RLC
conﬁgurations (up: magnitude in dB; bottom: phase in rad).
However, if we draw the equivalent acoustic circuit cor-
responding to the loudspeaker connected with a series RLC
resonator, an equivalent mechanical impedance can be de-
rived almost easily as [6]:
Zme( jω) =
(Bl)2 jω(
Le + Ls
)
( jω)2 +
(
Re + Rs
)
jω +
1
Cs
(17)
The natural frequency of this resonant circuit of Eq. (17) is
then ωs′ = 1/
√
(Le + Ls)Cs.
From Eq. 17, we can derive the asymptotic behaviors of
the active mechanical impedance achieved with passive shunt
series RLC resonator as:
Zme( jω)  −ω
2(Bl)2Cs
jω
and ω  ω0′
Zme( jω)  (Bl)
2
Re + Rs
and ω ≈ ω0′
Zme( jω)  jω
(
− (Bl)
2
ω2(Le + Ls)
)
and ω 	 ω0′
(18)
It is now almost straightforward to identify from Eq. 18
the corresponding equivalent components obtained from this
additional mechanical resonator, that is, the equivalent com-
pliance Cme, resistance Rme and mass Mme as functions of the
radial frequency ω:
Cme( jω)  − 1
ω2(Bl)2Cs
Rme  (Bl)
2
Re + Rs
Mme( jω)  − (Bl)
2
ω2(Le + Ls)
(19)
The equivalent components of the electroacoustic resonator
resemble then a constant positive resistance Rme in series
with a negative mechanical compliance Cme and a negative
mass Mme, which magnitudes decrease with frequency. This
results illustrates a simple manner to achieve a mass and stiﬀ-
ness reduction of the electroacoustic absorber without requir-
ing complex active impedance control system.
4 Experimental results
In order to assess experimentally the acoustic performance
when using electrical matching networks, a closed-box Visaton
AL-170 low-midrange loudspeaker is employed as an elec-
troacoustic resonator. The speciﬁc acoustic admittance ra-
tio and absorption coeﬃcient are assessed after ISO 10534-2
standard [7], as depicted in Fig. 9.
In this setup, an impedance tube is speciﬁcally designed (length
L = 3.4m and internal diameter ø = 150mm), one termina-
tion of which is closed by an electroacoustic resonator, the
other end being open with a horn-shape termination so as
to exhibit anechoic conditions [8]. A source loudspeaker
is wall-mounted close to this termination. Two holes lo-
cated at positions x1 = 0.46m and x2 = 0.35m from the
electroacoustic resonator are the receptacles of 1/2” micro-
phones (Norsonic Type 1225 cartridges mounted on Nor-
sonic Type 1201 ampliﬁer), sensing sound pressure p1 =
p(x1) and p2 = p(x2). The transfer function H12 = p2/p1
is processed through a Pulse Bruel and Kjaer multichannel
analyzer.
In this paper, the practical realization of parallel and se-
ries RLC resonators is not detailed.
These experimental results then conﬁrm the theory. The
connection to parallel RC or RL networks can only present
positive mass and stiﬀness, together with positive mechanical
damping, thus providing limited degrees of freedom to tune
the electroacoustic absorber properties. On the contrary, it
appears quite interesting to plug the loudspeaker to a series
RLC network, capable of achieving negative mass and stiﬀ-
ness, to the electroacoustic absorber, as observed with active
impedance control devices (see [2], § III.D). The main ad-
vantage here is that this negative acoustic properties are ob-
tained without the need of external power source, the shunt
series RLC network being a passive device.
5 Conclusion
This study has shown that series RLC network used as
shunt for electroacoustic absorbers are good candidates for
varying the acoustic properties of the resonator without the
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Figure 6: Normalized admittance measured on parallel
RL/RC conﬁgurations (up: magnitude in dB; bottom: phase
in rad).
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Figure 7: Normalized admittance measured on series RLC
conﬁgurations (up: magnitude in dB; bottom: phase in rad).
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Figure 8: Absorption coeﬃcients measured on parallel
RL/RC conﬁgurations.
Figure 5: Picture of the experimental setup.
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Figure 9: Absorption coeﬃcients measured on series RLC
conﬁgurations.
need of active devices. This is an interesting result that could
pave the way to very cheap and stable semi-active sound ab-
sorbers devices, with broadband absorption capabilities. Fur-
ther developments are undertaken to ensure practical realiza-
tion of such passive shunt.
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